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Research Progress on Epoxide Hydrolase
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Abstract: Epoxide hydrolases can highly and selectively catalyze epoxides to chiral diols, which is an effective way

to synthesize chiral diols. This article introduces the structure, functions, sources and mechanism of catalysis of this

enzyme. The research on the hydrolyzation of epoxides by epoxide hydrolases, the enzyme cloning and expression in

other bacteria are summarized.
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AR T WA RN, L B R A
Agrobacterium radiobacter | Arthrobacter spp. | Aspergillus
niger . Bacillus megaterium ., Beauveria Sulfurescens |
Chryseomonas luteola ,Corynebacterium spp. .Mycobacteri-
um paraffinicum  Methylobacterium spp. , Norcadia spp. |
Pseudomonas spp. . Rhodococcus erythropolis . Rhodospo-
ridium toluloides , Rhodotorula glutinis | Streptomyces an-

tibioticus | Trichosporon loubierii . Xanthophyllomyces den-

drorhous 258!
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A 7K i T B F RN 207 B R /NS B AR
WL B i AT P PR AR A K S 1 2 ) 62 kDa
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TR ALY KRB TR B, JE ] TR N
H PR k2B 588, DT A5 3 5 3 R0 B 48 1
K. 5 b, SCER B 484 ) K Sk T I BE ey e P 1
IR RS BRAA F 18— T R S AL W), X R 23 3 B ) 1Y
Hg R AT S0%MBLE. O T ik— D4R T )
(77238 AR SE N DK AT LK figg A [ ) 5S40 {H g
JSCAR TR A B 7 40 18 B S A ) 7K At I 10 R pe R s
TR — TR, D Wiy 38, e B
RAHBIL 50% R .

HWANG 45 HGE 1 — ™ B5 S Ak 10 7K fi it
%) Caulobacter crescentus TR , i F AR T = A I 3R 4A
AR 7K it Tt BB 910 T e 119 X6} S PR S8 K L e SRR 7K
i B R TRD A S8 B B B A K A Bl 1 TR e
Bt 8 3k T HE A M b, % A0 M AE 7 vk R T
40 mmol/ LIS , FEAE W 5ib (1) 7=y A il VE . i 2
PEAT T — i 55 9 1 A S8, 76 TR ) o R Dy
16.8 g/L I}, fEALZE 1E Y AT ARAG = 4l B | v ™ 38 A 7
Wy KPR AL Ky 95% , 72 53RN T2%. BRgELT Y %t
R T3¢ SLIR AL /K ik T 1) B R A 7 e R 3K
JEBE I 4 Y G ) mRNA, 758 i 5 5% 5%
cDNA RGP~ 14 UM% ) DNA | #41% DNA 76 Kt
WP T SRR IR AT 1 ek LI SR A K ik )
TAREERR, FIES PPN T CRERRE = I 4k 5 AL
KRR B PR IR R FH B 2.05 mmol/L,
RN Z N 14.8 pmol/ (min-mg). JIN %[43] %
I—¥k Agrobacterium radiobacter TR , 1% F AR B A %
TR A K fp B B, BT 2 1) 7K A i BE = 25 L
FretEHAR AN 3-5 -1, 2- PR N b, K%
IR ALK AR Tt H R R e B 308 T R A
WL PR T B AR RS R 31,2
WENLERITERE. 45 REH], AU BRI X 3-
1,2 RS N B Y T O AR 80 A A 1) K i g
I3 B HT TS R L ARy e A X il 1) S AN T B L AL
ARSI AR S T B I S AL PR WA, AT O B
R AU PR AR LK. SRTT, 24 S RURYIBIHAESE
G R BRI A ALY Kk, 30 R BUR Y
7R B DR A B ] 18 42 i X5 2 v 40 SN G
HEE WAL, o TR A R Rk
J& 2 384 mmol/L i, A FE A iz b ) ], fe 24 3R A%
R B 3-50-1,2- AN Bt s W B F
We. 7E R 961 (Y 5 20 1R A RO Y, Dl A R
it 61%. Sy ik — 25 5 T IR Pk 2, i 3 oy LTS
R RIS P RSURH 2 0 1A% 25 28 e ARGV 44 #6400 i 4 .
TESIHE TS NS W I, dc 28 T8 IR ) 1 22 300k 32

448 mmol/L, W] 3K 15 H 45 ) ¥ 1 6 5 4l JF 1
80% , I 1E ¥ C ot — G2 WP B AURR B A4 2 o, G 4 1Y)
TR Jo 512 mmol/L, b 7= 0 e
KT 98%.

FIET Bacillus megaterium ECU1001 93 & fk
WK Sk Tt 4 45 1 5 HL B R U K Sk T ) A5 A AR
BIEH o M B &M, HSA 1 ANE S 06 ALY o
F. KONG 25" 5t Sl 1 o ik i 3 S8 A K Ak i 1y I
{10 35 PR v R 08 T KW A T ER U 12 B8 A TR A
FRIER S AL 7K fire i 1) 7 S R TS T A, IR 1 il
R A3 3. 3 0 R TS S R ST 1) R IR (AN 5
128 {5 145 L3 EEIR ) HEAT R , ARG 9 1 7™
PIREGETE 42T T R AL R

IR ALY SR K i A e 2352 BR T HE 7 A
i 5090 , 30 A B e A (] 1) I o i 22 o g e o 6
KT 1A TR, iAo — R . KIM
ST KRR T A AW BT R £ 0 B SR AR
7K fige il DAY [vi] B 5 R 3K T M A 1 v, DT 52 3
TSN IR S8 HEA K i, AR R BYA8
R = AR 1k 50% , 77 W) 2 4 B2 5 3k 94% , HLJIK
Pk e, 355 50 mmol/L. CAO %5 R I T
+ 5.1 Agrobacterium radiobacter F) ¥R A ALY K S it
(R R 8 T R A T b, 25 DR B 2 75 1 26
SR IR PR K% R (R) -1, 2- TR 2 %,
TENRPIMEEE Sy 5 mmol/L i , HFE Ak #2155 3% 100% H.
PG S R ik 98%.

4 BipSRE

IR BRIz, B A AR T A AR
SPGB Y, B 5 AR A AR KA AR K AR
BN Z v (i A LI 5 — G o SUR IR 2R 3
TSR R A ), B S AL 7 fif i 3 22 B
S AT PRI, ELRBAE AL IR S F 3 0. (ELE,
F TSRS T 7Kk 5 K e B P S, BR ) 1 1%
MEAL SRR KRR 28 v B8 B T A 7K AR B A
B P HEAL IR A /K R AT A A0 e AR 5 28 [ T, i T
MEALHIRIR. o TLEY A BRI N e 2t 1 3R 4 4k
W7 A Tl R BT 5 2 T, JFC T LR SR A AN [ A T Y
I ALK , DT FE B B A 5, LR B ARk
VR AR G , 245 S0 75 250 ) A 2, A K i it
H TR

RO HA R TR 04 SOV A U2
ST AR SR W S LR 2R 0 SR B — 36, IR



%64

R F 5 R K B 09 BT R R 5

SR R a] T A SR A AR ) A
PSR, B e X R 1 (E BRI I PR
PR A 12290 T ORI B SS9 A 2. B
AW EOAR B R, )k TR TR R s JA A 2R
EACHD KR , PRI AR R PR 3 I LR
WTES 52 77, WLag Wi 2 2 J i .

S 30k -
[1] XUSRA:. ARG DA R B B s A AN X il 5 (S) =%

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

B 2 T IEEACRCRITFE LD ). Jo - TR K5, 2008.
JANSSEN A J] M, KLUNDER A H,ZWANENBURG B.
PPL~catalyzed resolution of 1,2— and 1,3-diols in methyl
propionate as solvent. An application of the tandem use of
enzymes|[ J |. Tetrahedron,1992,23(1) .7409-7416.
KATAOKA M,KITA K,WADA M, et al. Novel bioreduc-
tion system for the production of chiral alcohols[ J]. Ap-
plied Microbiology & Biotechnology,2003,62(5/6) ;437
—445.

SCHMID A, DORDICK J S,HAUER B, et al. Industrial
biocatalysis today and tomorrow [ J ]. Nature, 2001, 409
(6817) .258-268.

SOLARES F L, MATEO C. Improvement of the epoxide
hydrolase properties for the enantioselective hydrolysis of
epoxides[ J]. Current Organic Chemistry,2013,17(7) .
744-755.

BALA N,CHIMNI S S. Recent developments in the asym-
metric hydrolytic ring opening of epoxides catalysed by
microbial epoxide hydrolase[ J |. Tetrahedron Asymmetry,
2010,21(24) :2879-2898.

BALA N,KAUR K, CHIMNI S S, et al. Bioresolution of
benzyl glycidyl ether using whole cells of Bacillus alcalo-
philus[J]. Journal of Basic Microbiology,2012,52(4) .
383-389.

HWANG S,CHOI C Y,LEE E Y. Bio— and chemo—cata-
Iytic preparations of chiral epoxides[ J]. Journal of Indus-
trial & Engineering Chemistry,2010,16( 1) :1-6.
BHARATHI B, RANJAN M, RICHARDSON D E. Osmi-
um-—catalyzed asymmetric dihydroxylation by carbon diox-
ide—activated hydrogen peroxide and N—methylmorpholine
[J]. Tetrahedron Letters,2008,49(6) :1071-1075.
CHOI D S,HAN S S,KWUEON E K, et al. New mono—
quaternized bis—cinchona alkaloid ligands for asymmetric
dihydroxylation of olefins in aqueous medium: unprece-
dented high enantioselectivity and recyclability [ J]. Ad-
vanced Synthesis & Catalysis,2007,38( 19) :2560-2564.
NIE Y, XIAO R, XU Y, et al. Novel anti—prelog ste-
reospecific carbonyl reductases from Candida parapsilosis

for asymmetric reduction of prochiral ketones[ J]. Organic

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

(22]

[23]

& Biomolecular Chemistry,2011,9(11) :4070-4078.
TIAN X,ZHENG G W, LI C X, et al. Enantioselective
production of (S ) —1-phenyl-1,2-ethanediol from di-
carboxyesters by recombinant Bacillus subtilis esterase[ J].
Journal of Molecular Catalysis B: Enzymatic, 2011, 73
(1).80-84.

ZHU D,YANG Y,MAJKOWICZ S, et al. Inverting the en-
antioselectivity of a carbonyl reductase via substrate —en-
zyme docking — guided point mutation[ J]. Organic Let-
ters,2008,10(4) :525-528.

% WRVL, VAR, 4 SRR UK R B AL XS R
AT RT W) — MK A [T ] i fl 27412, 2008, 29
(8) :696-700.

JU X,PAN J,XU J H.Enantioconvergent hydrolysis of p—
Nitrostyrene oxide catalyzed by Mung bean epoxide hydro-
lase[ J]. Chinese Journal of Catalysis,2008,29(8) :696—
700.

B . P SRR AR B 1Y) e P SR AL PERETSE[ D .
i AR TR, 2011,

WEIJERS C A G M. Enantioselective hydrolysis of aryl,
alicyclic and aliphatic epoxides by Rhodotorula glutinis
[J]. Tetrahedron Asymmetry,1997,8(4) :639-647.
OESCH F. Mammalian epoxide hydrases: inducible en-
zymes catalysing the inactivation of carcinogenic and cyto-
toxic metabolites derived from aromatic and olefinic com-
pounds[ J]. Xenobiotica:the Fate of Foreign Compounds
in Biological Systems, 1973,3(5) :305-340.

TLFOH. (A 9077 B S A 00 K A T 114 7 308 o e 2 i 4
KH bR B ) 2 PR R ST LD ] BTN T Tl R
2#,2009.

HECHTBERGER P, WIRNSBERGER G, MISCHITZ M,
et al. Asymmetric hydrolysis of epoxides using an immobi-
lized enzyme preparation from Rhodococcus sp[ J]. Tetra-
hedron Asymmetry,1993,4(6) .1161-1164.

K. SR R ER SR A W K St T 7 0k S LA TP i
MR D . Brrg - AR K24, 2003.

LI C,LIU Q,SONG X, et al. Epoxide hydrolase—catalyzed
resolution of ethyl 3—phenylglycidate using whole cells of
Pseudomonas sp[ J]. Biotechnology Letters,2003,25(24) ;
2113-2116.

UM AN, EE A AR B AR A K AR T Y
IR B AR B A5 PF R WESE () ] W~ 41, 2001, 20
(4) :494-502.

SHA Q,YANG L,WANG ] J,et al. Isolation and fermen-
tation conditions of aspergillus niger capable of production
epoxide hydrolysis[ J]. Mycosystema,2001,20(4) :494-
502.

LIU Y,SHA Q,WU S, et al. Enzymatic resolution of race-

mic phenyloxirane by a novel epoxide hydrolase from As-



dmFERFFROEAHAF R

% 49 %

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

pergillus niger SQ—6 and its fed—batch fermentation[ J].
Journal of Industrial Microbiology & Biotechnology,2006,
33(4) .274-282.

PR VRN, BN, 45 R X R R R R AL
IK T A TR PR O 08 SRR PEF T [T ] Bl W vadi i
2001,28(5) :14-17.

TANG Y F,XU J H,WU H Y et al. Isolation and charac-
terization of an epoxide hydrolase producer for enantiose-
lec tive hydrolysis of (R,S) —phenyl glycidyl ether[ J].
Microbiology China,2001,28(5) :14-17.

XU W,XU J H,PAN ], et al. Enantioconvergent hydroly-
sis of styrene epoxides by newly discovered epoxide
hydrolases in Mung bean [ J]. Organic Letters, 2006, 8
(8):1737-1740.

DUARAH A, GOSWAMI A,BORA T C,et al. Erratum
to ; enantioconvergent biohydrolysis of racemic styrene ox-
ide to R—phenyl—1,2-ethanediol by a newly isolated fila-
mentous fungus aspergillus tubingensis TF1[ J]. Applied
Biochemistry & Biotechnology,2013,171(1) ;261.
MORISSEAU C, HAMMOCK B D. Epoxide hydrolases:
mechanisms, inhibitor designs, and biological roles [ J].
Cheminform ,2005,45(39) .311-333.

SMIT M S. Fungal epoxide hydrolases: new landmarks in
sequence— activity space [ J]. Trends in Biotechnology,
2004,22(3) :123-129.

AR R SR . PR WK i B Y F 5
JELJ]. 444k ,2003,17(1) ;75-80.

JANSSEN D B,PRIES F,VAN D P J, et al. Cloning of 1,
2~—dichloroethane degradation genes of Xanthobacter au-
totrophicus GJ10 and expression and sequencing of the dh-
1A gene [ J]. Journal of Bacteriology, 1989, 171 (12) .
6791-6799.

CHOI W J,CHOI C Y. Production of chiral epoxides: ep-
oxide hydrolase—catalyzed enantioselective hydrolysis[ J].
Biotechnology & Bioprocess Engineering, 2005, 10 (3) :
167-179.

WRSCir. S S R SR AL /K Ak R AL B 4808 SR AN R
IKRRLLD . T A TR 5, 2012,

TS PR KA Bt 7 A TR ) O e B G A I 2R A
XS ARG K H I k2L 5 03 o 2R AR BFFE [ D .
B < #T L Tlk K2, 2010.

BEETHAM J K, TIAN T,HAMMOCK B D. ¢DNA cloning
and expression of a soluble epoxide hydrolase from human
liver[ J]. Archives of Biochemistry & Biophysics, 1993,
305(1) :197-201.

SCHLADT L, THOMAS H,HARTMANN R, et al. Human
liver cytosolic epoxide hydrolases[ J]. European Journal
of Biochemistry,1988,176(3) :715-723.

CHEN W J,LOU W Y,ZONG M H. Efficient asymmetric

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

hydrolysis of styrene oxide catalyzed by Mung bean epo-
xide hydrolases in ionic liquid —based biphasic systems
[J]. Bioresource Technology,2012,115(115) ;58-62.
TR Lk TR AW K Airp Bl 52 K SR A 1 ) 7 R
RN HID]. TN AR BT R, 2013.

YU C Y,LI X F,LOU W Y, et al. Cross—linked enzyme
aggregates of Mung bean epoxide hydrolases:a highly ac-
tive, stable and recyclable biocatalyst for asymmetric hy-
drolysis of epoxides[ J]. Journal of Biotechnology,2013,
166(1/2) :12-19.

TR M. 3R A HLHEZE AT RE (MOFs) /Y il # S e8]
e G ALY K R BGRESE[ D], )M AR T
K= ,2015.

CAO SL,YUE D M, LI X H,et al. Novel Nano—/micro—
biocatalyst: soybean epoxide hydrolase immobilized on
UiO-66-NH, MOF for efficient biosynthesis of enantio-
pure (R)—1,2-0Octanediol in deep eutectic solvents[ J].
ACS Sustainable Chemistry & Engineering,2016,4(6) ;
3586-3595.

HWANG S,CHOI C Y,LEE E Y. Enantioconvergent bio-
conversion of p—chlorostyrene oxide to ( R) —p—chlorophe-
nyl—1,2—-ethandiol by the bacterial epoxide hydrolase of
Caulobacter crescentus [ J ]. Biotechnology Letters, 2008,
30(7) :1219-1225.

BUPELT. S LIRS fife I TR o e | 38 30k M il o 1 it
RAE[D]. L AR ABE TR, 2010.

JIN H X,LIU Z Q,HU Z C,et al. Biosynthesis of (R) -
epichlorohydrin at high substrate concentration by kinetic
resolution of racemic epichlorohydrin with a recombinant
epoxide hydrolase [ J ]. Engineering in Life Sciences,
2013,13(4) :385-392.

KONG X D,YUAN S,LI L,et al. Engineering of an epox-
ide hydrolase for efficient bioresolution of bulky pharmaco
substrates | J ]. Proceedings of the National Academy of
Sciences of the United States of America,2014,111(44) .
15717-15722.

KIM H S,LEE O K, HWANG S, et al. Biosynthesis of
(R) —phenyl-1,2~ethanediol from racemic styrene oxide
by using bacterial and marine fish epoxide hydrolases[ J].
Biotechnology Letters,2008,30( 1) :127-133.

CAO L,LEE J,CHEN W, et al. Enantioconvergent pro-
duction of (R)—1-phenyl—1,2-ethanediol from styrene
oxide by combining the Solanum tuberosum and an
evolved Agrobacterium radiobacter AD1 epoxide hydrola-
ses[ J]. Biotechnology & Bioengineering, 2006,94 (3) .
522-529.

[# Xk 1B AkM ELFR: ZHMR]



